In the present study we examined the Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn contamination levels of the soils of Berehove, a small city in West-Ukraine. As a first step we determined the spatial distribution of the heavy metal contents of the urban soils; then, by studying the land use structure of the city and by statistical analysis we identified the major sources of contamination; we established a matrix of correlations between the heavy metal contents of the soils and the different types of land use; and finally, we drew a conclusion regarding the possible origin(s) of these heavy metals. By means of multivariate statistical analysis we established that of the investigated metals, Ba, Cd, Cu, Pb and Zn accumulated in the city's soils primarily as a result of anthropogenic activity. In the most polluted urban areas (i.e. in the industrial zones and along the roads and highways with heavy traffic), in the case of several metals (Ba, Cd, Cu, Pb, Zn) we measured concentration levels even two or three times higher than the threshold limit values. Furthermore, Cr, Fe and Ni are primarily of lithogenic origin; therefore, the soil concentrations of these heavy metals depend mainly on the chemical composition of the soil-forming rocks. 
Introduction
The most frequent pollutants of urban soils are heavy metals. The pollutants accumulated on the surface can be transferred to the deeper soil layers and infiltrate into the groundwater -thus, they might become taken up by plants. To a certain extent, soils can adsorb * E-mail: szabo.gyorgy@science.unideb.hu and bind these heavy metals, decreasing their harmful effects, but as a consequence of a possible change in soil characteristics (such as a decrease in pH, etc.) previously accumulated heavy metals can become soluble rather abruptly, and thus, their toxic effects may be manifested [1, 2] . Polluted soils primarily endanger plants and soildwelling creatures; human health in general is directly at risk only if the soil is being accidentally ingested per os or per naso (through the nasal cavity). However, children in playgrounds are exposed to a much higher risk, because traces of soil or sand in the playground can easily get into their mouths from their hands [3] [4] [5] . In addition, consumption of both edible plants and food products of animal origin that are contaminated with heavy metals may threaten human health indirectly.
Even uncontaminated soils in their natural condition might contain heavy metals, which get into the soil during the weathering of the soil-forming rocks. In such cases the heavy metal contents depend on the type(s) of rock on which the soil formation occurred [6, 7] .
The main sources of heavy metal contamination in urban soils are traffic, industrial activity, and household and industrial (toxic) waste. The heavy metals of traffic origin primarily pollute the atmosphere, but after being deposited they may also accumulate in the soil. Due to such pollution via the atmosphere, the heavy metal concentrations may increase not only in the immediate vicinity of the contamination source, but also in the soils of more remote urban parks and other green areas [8] .
The most common heavy metals resulting from road traffic include Pb, Cd, Zn and Cu. Formerly, lead (Pb) was used as an additive to gasoline [6] . With the introduction of lead-free gasoline the Pb pollution has decreased significantly in the atmosphere, but not in the soils, where its ratio has remained high [9] . The mobility of lead is rather limited, which is why it stays in the soil for a relatively long time; therefore, pollution from the past still has an ongoing effect in the present [10] [11] [12] [13] [14] . The accumulation of Cd, Zn and Cu along the roads is primarily due to the abrasion of tires and vehicle parts [11, 15] .
The most significant industrial pollutions of the last century were the result of the exploitation and processing of ore reserves, as well as the burning of fossil fuels. For a long time no real attention was paid to the heavy metals that escaped into the natural environment, and so they often caused very serious environmental damage [16] [17] [18] . Li et al. [19] reported that a very large amount of heavy metals had accumulated in the soils of Shenyang, an industrial city in China, due to uncontrolled and excessive heavy metal discharges.
The publications regarding the heavy metal load of soils focus primarily on the large industrial centers and metropolises, and there are fewer papers investigating the situation in smaller cities and rural towns, even though similar problems may often arise in such places [20] . In their study, Chirenje et al. [21] investigated the Pb contamination levels of two cities with different traffic rates and population densities (Miami, 370,000 and Gainesville, 95,000 inhabitants). Based on their results, they established that Miami suffered a significantly higher level of pollution: its averaged urban value turned out to be 152 mg kg −1 , whereas that of Gainesville was only 39.6 mg kg −1 . Nevertheless, in both cities Pb levels as high as about 1000 mg kg −1 were detected. The existing studies of the environmental conditions of Ukraine have primarily investigated and described the most endangered areas of the country [22] . However, data on the conditions of the areas outside of such industrial regions are rather scarce. In our research we aimed to reduce this lack of information, by analyzing soil samples from a small city of 24,000 residents, Berehove in WestUkraine. Our hypothesis was that types of land use significantly influence the investigated heavy metal concentrations. Our main goals were: 1) to explore the horizontal and vertical distribution of some selected elements in the soils of Berehove; 2) to reveal the source and the level of contamination; 3) to distinguish the lithogenic and anthropogenic origin of the studied trace elements; 4) to determine the risk raised by the possible contamination.
Materials and methods

The sampling and analysis
In July 2010 a total of 60 topsoil samples were collected from the area of Berehove. At each designated sampling location a representative (composite) sample was created from 5-8 individual samples. In the process of the designation of the sampling locations our aim was twofold: 1) to cover the whole area of the city, and 2) to ensure that the number of samples should represent the different location types with different rates of land use (such as roadside/green/agricultural areas, fallow land, gardens, courtyards, etc.) in proportion to their ratio in the total sampling area. For the sake of the investigation of vertical changes in heavy metal concentrations, we created four boreholes, which were sampled at every 20 cm. We drilled into the soil until we reached the ground-water level. From the four sections a total of 78 samples were collected. The samples were stored in plastic bags, and transported to the laboratory of the Institute of Geosciences (University of Debrecen) for further analysis. First, the samples were pretreated by drying in an exsiccator at 60
• C, and the dehydrated soil samples were homogenized, after which the analysis of different soil characteristics was carried out. Besides the heavy metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn) Ba was also included in the investigation, given its important toxicological effect. The metal contents of the soil samples were determined according to the MSZ-08-1722-3:1989 [23] with acidic digestion (cc. HNO 3 +H 2 O 2 ). The measurements were carried out with a Perkin-Elmer Optima 5300 DV ICP- OES appliance. As a reference for the evaluation of the heavy metal contents of the soil samples we applied the Hungarian "B contamination limit values" as detailed in joint decree 6/2009 (IV. 14.) of the KvVM-EüM-FVM's [Hungarian Ministries of Environment, Healthcare and Agriculture, respectively], which is presently in force in Hungary [24] . Besides, characteristics of soils (e.g. soil types, sediments, pH, clay minerals and humic substances such as inorganic and organic colloids) in the Transcarpathian Plain, where Berehove is situated, are very similar to the soils of the Great Hungarian plain, as they are the parts of the same physico-geographical unit. We also indicated the Dutch Target and Intervention Values [25] , which is frequently cited in the scientific literature.
The soil pH was determined by an electric pHmeter [26] ; the granulometric composition was determined by sifting and sedimentation/siltation with a Köhn-pipette [27] , whereas the organic matter (OM) contents were determined by the Tyurin-method, which is based on the decomposition caused by potassium-dichromate, followed by titration with Mohr-salt [28] .
Statistical analysis
The results of laboratory analysis were checked for normal distribution with the Shapiro-Wilk test, which showed that most of the variables were of normal distribution (except Cd, Mn, Pb and clay). Following this we applied log transformation with the formulae log( + 1), where represented the variables, to achieve a double aim: to standardize the variables which had different dimensions and to improve their normality [29] . In this way all variables followed normal distribution; furthermore, standardization was important for PCA [30] .
In the case of samples collected from the topsoil, we revealed the correlation structure of the heavy metals using Principal Component Analysis (PCA) with Varimax rotation.
We determined the number of principal components (PC) applying the Kaiser's criteria. Based on its low communality value (<0.5) we excluded Cu from the variables [31, 32] .
Component (PCs) regression scores were plotted on maps with Quantum GIS 1.8 [33] using OpenStreetMap [34] as a background. These maps visualized multiple contents in a grouped form as PCs constituted non-correlating factors and helped to explore the distribution of the element concentrations. Groups of maps (PC1-PC3) were formed using natural breaks. Also, original values of heavy metal concentrations were indicated on each map to help the interpretation of PCA scores.
The effect of land use was determined using ANOVA for all studied elements. In the case of those which were not normally distributed we controlled the results with the non-parametric Kruskal-Wallis test (as it is not sensitive to the distribution). Beside significance we also calculated the effect sizes ( ). If significance is above < 0 05, we judge the results as non-significant ones; however, sometimes the result depends only on 1-2 hundredths. If the significance is lower than 0.05 we accept that there are differences between the studied groups but we do not know their magnitude. Effect size ( ) specifically reflects the size of the difference in a standardized way [35, 36] . 0 refers to a weak, 0.3 to a moderate effect, while 0.5 can be considered a large effect [36] . The Tukey test was applied to reveal the differences in heavy metal contents between the land use types.
Study area
Berehove is found in the western part of Ukraine ( Figure 1 ), with 24,068 residents in 2008 [37] . The city is intersected by the 33 km long Canal Vérke, the water of which is heavily polluted by the urban waste waters. On the slopes of the Berehove Hills which border the city from the east, covered by rhyolite and andesite, and their respective tuffs, Luvisols of various thickness have formed, whereas on the flat areas to the west of Berehove, on the alluvial deposits of the Tisza River Fluvisols and Gleysol with different gleyization rates have developed. Their average humus content is 2.6%, and in general they are quite acidic, with a pH of 4.0-4.7 [38, 39] .
The hills around Berehove are rich in ore and in various raw minerals. The previous cultivation of the Nagymuzsaly area -which is about 2 km from the city and is known for gold-mining -may have affected the trace element contents of the urban soils. In the close vicinity of the city, on the western side of the hills, existing quarries of polymetallic ores (lead, zinc, copper, barite) are found, but their exploitation has ceased [40] .
Today in Berehove there is hardly any industrial sector which could account for a substantial heavy metal pollution, with one possible exception being the ironworks in the western part of the city, which in the past decades, and especially in the Soviet era, provided a workplace for several hundred of the city's residents. However, nowadays the volume of production is significantly reduced.
On the other hand, motor-vehicle traffic can easily be a relevant pollution source, as the city is crossed by the Mukacheve -Berehove -Khust main road. In addition, the crossing point at Beregsurány -Astej, being only 8 kms from the city, also contributes significantly to the heavy traffic in Berehove [41] .
Results
The physico-chemical characteristics of the topsoil
The granulometrical composition in the soil samples of Berehove revealed a predominance of larger-sized mechanical elements, such as coarse sand and sand. The rate of the particles under <0.02 mm only exceeded 50% in a few cases. Soils with clayey loam, which is quite typical of the areas surrounding the city, were only found in samples taken from a deeper plough land and a fallow area on the outskirts of the city. Those loam soil texture categories in which the dust and clay contents together constitute more than half of the total mechanical composition were also found both in arable fields and uncultivated fallows. In the above-mentioned soils the ratio of the clay fraction was higher in comparison to that of the other soil samples studied. On the other hand, in the soils from built-up areas the proportion of rougher granules (i.e. coarse and fine sand) was found to be much higher, more than 65% on average. The coarse granulometrical fraction had the highest proportion in the roadside and courtyard soil samples.
With regard to the pH of the urban soils it can be established that the values increase from the low (acidic) pH of the soils sampled from cultivated lands, through the neutral pH of the parks, fallow and small gardens, to the slightly alkaline (and sometimes definitely basic) pH of the roadside and courtyard samples.
The organic matter content of the studied soils varied over a relatively wide range; the lowest proportions were detected in the agricultural arable land samples, which also reflect the organic matter levels of the zonal soils surrounding the city. In the case of other types of land use, regardless of the great variation within each category, the mean organic matter contents were found to be nearly the same, but approximately twice as high as the average values in the zonal soils surrounding the city.
Heavy metal contents in the topsoil
Evaluation was performed on the basis of the Hungarian "B contamination limit values" [24] . Of the heavy metals studied Ba, Cd, Cu, Ni, Pb and Zn were found to exceed the limit values in the soils (Table 1 ). In the case of Cd, Cu, Pb and Zn the detected maximum concentrations were approximately twice as high as the limit values. In regard to Zn about one third of the soil samples contained more zinc than the 200 mg kg −1 limit concentration. However, in the case of Cd we found only one sample with an extremely high concentration, whereas the values varied below the 1 mg kg −1 limit in all other locations.
Investigation of element concentrations by land use types revealed that Ba, Ni and Zn showed different accumulations. Although all these elements had significant differences among land use types, effect sizes reflected that it had a moderate effect only in the case of Zn, in two other cases the effect ( ) was weak ( Table 2) . Based on the post hoc analysis (Tukey test), courtyard and agricultural land differed significantly (the latter had smaller concentrations) in the case of Ba and Zn; furthermore, agricultural land had significantly smaller concentrations than gardens in the case of Zn. Zn content also differed ( < 0 05) in gardens and fallow land, too. Besides, soils in parks had a significantly higher Ni content than that on roadsides (Table 3) . Furthermore, Cd, Cu and Pb had relevantly, but not significantly, lower concentrations in the agricultural lands outside the city compared to the other land use types (see Table 1 ). In the inner part of the city courtyards had the highest values for Ba, Mn, Pb and Zn.
Vertical distribution of the investigated elements
Two of the four boreholes were found in the city center and the others were in the outskirts of Berehove. Considering the correlation relations and the vertical distribution of the metals, we distinguished two groups. Cr, Fe and Ni belonged to the first group, in which the concentrations were smaller in the topsoil and had a tendency to increase in the deeper layers (e.g. B2, Figure 2 
Multivariate analysis of the heavy metal concentrations
We reduced the initial number of variables to three PCs which accounted for 80.8% of the total variance, and sampling adequacy was acceptable (KMO = 0.632). PC1 was defined by Cr, Ni and Fe, indicating that their concentrations changed (decreased or increased) together (Table 4 ). The same phenomenon was observed in the case of PC2 which was defined by Zn, Pb, Ba and Cd; due to their strong positive correlations, these concentrations changed together in the same direction. PC3 corresponded with only the Mn concentration itself (as this element accounted for only 13% of the total variance, and in this concentration does not pose a risk to human health, we omitted it from the analyses). This approach enabled us to plot the concentrations on maps, indicating the areas where these elements had higher/lower concentrations ( Figure 4, Figure 5 ).
Cr, Fe and Ni formed the PC1, which accounted for 36.5% of the total variance. These elements were found to be in a significant, strong, positive correlation with each other, indicating that their concentrations would change in the same direction ( Cr-Ni = 0 86; Cr-Fe = 0 772; Fe-Ni = 0 754; < 0 01). The highest and lowest Cr and Ni concentrations were found at the same locations. The Fe concentrations changed in a similar way, following the same pattern: where Cr and Ni were in the highest and lowest concentration, Fe values were also high and low, respectively. The ratio of the silt and clay fraction positively correlated with all three elements ( silt-Cr = 0 577; silt-Fe = 0 485; silt-Ni = 0 481; clay-Cr = 0 533; clay-Fe = 0 415; clay-Ni = 0 462; < 0 01). The highest values of the group were measured in samples originating from the northern and western areas of the city, as well as from the outskirts and suburbs (primarily collected from fallow lands and fields used for agriculture).
PC2 included four elements (Ba, Cd, Pb, Zn), which also showed strong positive correlations with each other Hungarian Contamination "B" Limit Value, [23] Dutch Target Value, [24] Dutch Intervention Value, [24] number of samples 
Discussion
For a proper evaluation of the results we must know the origin of the heavy metals studied. Although all the heavy metals measured are also naturally present in the soils, anthropogenic effects may significantly increase their concentrations [42, 43] . Their origin can be deduced, for example, on the basis of their vertical distribution. Those metals which reach maximum concentration in the topsoil layers, with a significantly lower concentration in the deeper strata, have originated primarily from sources of anthropogenic activity -as opposed to those heavy metals which reach their maximum concentration in deeper soil layers, which would indicate that these trace elements are primarily of lithogenic origin, and human (anthropogenic) activity has probably played little or no role in their [46] findings were similar: they established that the Cr and Ni concentrations in the soils of Beijing are similar to the background concentrations, and their spatial distribution was affected by natural (rather than anthropogenic) sources. Huang et al. [47] , who studied the heavy metals in the soils of Jiangsu province, China, reached the same conclusion. Conducting PCA they also found that Fe, Ni and Cr belonged to the same group. They also established that these metals were primarily of lithogenic origin, and their concentrations were determined by the soil forming (base) rock.
In our case, correlation studies revealed a relatively strong positive correlation ( < 0 01) with the fine fraction (i.e. silt and clay). The proportion of coarse fraction became more marked nearer the urban center, whereas at the same time, the concentrations of these metals decreased. According to our assumption these heavy metals originated not from anthropogenic but from lithogenic sources, and their distribution was influenced primarily by the granulometric composition of the soil, or to be more specific, the ratio of the fine fraction and by the chemical composition of the soil forming rock. This assumption is supported by the examination of the boreholes of Berehove, which revealed that in the case of the heavy metals belonging to the first group, the maximum concentrations were not found in the topsoils but in deeper layers of the sample sections; in other words, they showed the vertical distribution pattern typical of the metals with lithogenic origin (Figure 2 ). Despite the fact that the ironworks in the industrial zone contributed to a certain extent to the accumulation of Fe in the topsoil, this still did not represent a significant increase, since the natural Fe content of the soil is higher by several orders of magnitude than that of the other studied metals. This being so, the extra Fe accumulation in the topsoil that resulted from anthropogenic sources is practically negligible in comparison to the original Fe concentration.
The metals grouped in PC2 (Ba, Cd, Pb, Zn) originated primarily from anthropogenic sources, which was supported by the results of their vertical distribution analysis. As we could see above (Figure 3 ), these metals reached the highest concentration in the topsoil.
Based on the spatial distribution analysis of the elements we identified the possible sources of contamination. The industrial zone is located at the west/northwest parts of Berehove. In these areas Zn, Pb and Cu concentrations were high at several sampling points, and often even exceeded the limit values. The area became contaminated most probably by the industrial activity (iron-and metal-working, majolica production) of recent times, and especially of the past few decades. Similarly to our study, several other authors reached the same conclusion that industrial emissions may be a major source of the topsoil accumulation of Zn, Pb and Cu [48] [49] [50] [51] .
In the central urban areas Pb, Zn and Ba concentrations were significantly higher, which was most probably due to the heavy traffic in the city center. Several authors regard motor-vehicle traffic as the single most important source of Pb and Zn contamination [13, 46, 52] . In Ukraine, in accordance with the decree No. 2786-III [53] , the importation and distribution of leaded gasoline or any lead-containing additive for sale in gas-stations has been forbidden since 1st January 2003. However, previously the lead originating from leaded gasoline could have accumulated in the roadside soils over several decades. Furthermore, lead has relatively limited mobility, and therefore it can remain and become concentrated in the soils [10, [54] [55] [56] . These results are in good accordance with the findings of other authors, who demonstrated that lead concentrations are significantly higher in roadside soils [6, 57] . The Cd concentration was extremely high in only one sampling point, which -according to our investigation -was caused by the sludge that was washed ashore from the canal crossing the city.
Since organic matter increases the heavy metal-adsorbing capacity of soils [58] [59] [60] , heavy metals, as a result of contaminations, could have easily accumulated in the top layers which were originally richer in humus. This was further supported by the results of the correlation analysis, according to which the concentrations of the elements belonging to the second group were in a strong positive correlation with the organic matter content of the soils.
Considering land use, agricultural lands had the lowest values regarding those elements derived from anthropogenic sources in the outskirts, while the same elements had higher concentrations in the inner part of the city. This can be explained by the above mentioned pollution sources; besides, plants in agricultural lands uptake trace elements (e.g. Zn, Cu) and, without replacement, decrease their concentration in the soil.
Heavy metal pollution of soils represents a real risk for the inhabitants of Berehove. The concentrations of some toxic elements (Ba, Cu, Pb, Zn) were above the limit value in the topsoil samples in several cases. The fine dust particles which get into the air from the soil surface can enter the human body directly through the nose or mouth. From children's hands the fine soil particles can also get into their mouth. We often measured concentrations above the limit value for Ba, Cu, and Zn in the root areas of vegetable plants (Figure 3 ) which could also be a risk, because these toxic elements can get into the human body via the edible parts of plants [61, 62] . Although the concentrations of these toxic elements are not extremely high, it is reasonable to inform the inhabitants regarding the possible dangers.
Consequently, we can conclude that with regard to the heavy metals studied, the soils of Berehove can be categorized as moderately contaminated. It is extremely important to know the heavy metal concentrations and their health risks in large cities (e.g. Shanghai, Mexico City) [13, 51] : which are the crucial metals, what are the emission sources and the magnitude of accumulation. However, most people live in smaller cities and they are also exposed to different environmental problems. Heavy metals emitted by industry, traffic or other sources (e.g. heating systems) are possible risk factors and we have to know the level of pollution. Our results are in strong agreement with other authors [20, [63] [64] [65] who have studied different sized cities (without dominant industrial production but with a relevant traffic load) and reinforce the idea that generally there are moderate levels of pollution with possible local problems.
Conclusions
Our hypothesis, that land use types significantly influence the heavy metal concentrations investigated, was not verified unambiguously, since there were only three metals (Ba, Ni, Zn), with significant differences among some land use types.
Based on the multivariate statistical analysis and the vertical distribution of studied elements we established that Ba, Cd, Cu, Pb and Zn accumulated in the urban soils primarily because of anthropogenic effects. In the case of these metals we measured concentration values that were often higher than the threshold limits. Contrarily, the Cr, Ni and Fe concentrations were characterized by a tendency to increase downwards towards the deeper layers, which results from their lithogenic origin. These elements were in the same group in the PCA.
By studying the spatial distribution of the contamination and the land use structure of the area we successfully identified the main contamination sources.
One of the biggest sources of pollution in the city is traffic; nevertheless, it does not cause extremely high pollution, even despite the extensive and prolonged use of leaded gasoline and lead-containing additives in the past. The contamination originating from industry was also found to be important in the city, but again, the Pb, Zn and Cu contamination -which often exceeds the concentration limits -can be traced back to past industrial activities, as nowadays these factories produce on a much smaller scale and with significantly lower capacity.
The city's most heavily contaminated areas may impose a certain health risk on the population, especially if the residents consume the fruits and vegetables grown in the local kitchen-gardens.
To summarize, we can conclude that the soils of Berehove are moderately contaminated by heavy metals, but the extent of this contamination falls way behind the levels typical of more industrialized areas in Ukraine.
